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(57) Abstract: This invention relates to a 
driver (10') for light emitting devices with an 
associated capacitance, comprising: - a first 
switch (S2') coupled to a first terminal (11a') 
of a light emitting device (11') included in 
a two dimensional array of light emitting 
devices, the first switch (S2') being coupled 
for allowing discharging of the associated 
capacitance (12') of the light emitting device 
(11') upon closing of the first switch (S2'); 
and- a current limiting circuit (31) coupled 
to the first switch (S2') and to a reference 
voltage for discharging the associated 
capacitance (12') with a limited current. 
Further, the current limiting circuit (31) 
comprises a first discharge circuit (50) and 
a second discharge circuit. As a result, the 
discharge current is controlled in an efficient 
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The present invention relates to a driver for light emitting devices and more 
specifically to current driving of current activated light emitting devices. The invention also 
relates to a display device comprising the driver. 

5 Today, the use of light emitting device (LED) arrays as an image source in 

image displays is emerging, especially in applications where size is crucial such as cellular or 
portable telephones, pagers, etc. Organic LEDs are lightweight and thin and have a number 
of inherent qualities that are well suited to such applications, i.e. they have a high brightness 
at a low drive voltage and a long operating lifetime. Further, polymer LEDs are easy to 
10 process. Also, small molecule organic LED arrays are ideally suited for use in such 

applications. They are capable of generating sufficient light for use in displays under a 
variety of ambient light conditions. Further, organic LEDs can be fabricated in a variety of 
sizes. Another advantage with organic LEDs is that their emissive operation provides a very 
wide viewing angle. 

15 The major problem with LEDs and especially organic and polymer LEDs is 

the associated capacitance, which includes internal capacitance produced by the overlaying 
layers of material and conductors and capacitance produced by the row and column 
conductors in an array. The fact that organic and polymer LEDs are current driven devices, 
i.e. emit light due to current flowing through them, contributes to this problem. However, 

20 voltage driven devices, such as LCDs, also suffer from this problem. 

When the line time or the light producing time of an organic or a polymer 
LED is over, the operating voltage of the LED is switched to ground or any other reference 
level. Consequently, the associated capacitance is rapidly discharged, which will produce a 
large discharge peak current. The resulting voltage ripple causes undesirable signal spikes on 

25 the internal nodes within the driver circuit. As a result, uncontrollable substrate currents 

occur in the driver electronics. Due to capacitive coupling within the display, any remaining 
voltage ripple on the drivers is also transferred to pixels (LEDs) which are still in the ON- 
state, i.e. still producing or emitting light. This causes undesirable modulation of the light 
output. 
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Therefore, it would be beneficial to provide an improved driving apparatus for 
small molecule organic and polymer LED arrays, by means of which the problems associated 
with the uncontrolled discharging of the LEDs can be overcome. 

5 It is an object of the invention to provide a driver that overcomes the problems 

discussed above, and which can be used at small molecule organic arrays as well as at 
polymer LED arrays. The invention is defined by the independent claims. The dependent 
claims define advantageous embodiments. 

According to a first aspect of the present invention, there is provided a driver 

10 for light emitting devices with an associated capacitance, comprising: a first switch 

connected to a first terminal of the light emitting device included in a two dimensional array 
of light emitting devices, the first switch being coupled for allowing discharging of the 
associated capacitance of the light emitting device upon closing of the first switch, and a 
current limiting circuit coupled to the first switch and to a reference voltage for discharging 

1 5 the associated capacitance with a limited current. 

According to a second aspect of the invention, there is provided a display 
device comprising the driver and a two-dimensional array of light emitting devices. The 
device can be a display module. The device can also be a display apparatus comprising the 
display module mounted in a housing. 

20 The solution according to the invention provides several advantages over the 

technique used at present. For example, by discharging a light emitting device with a limited 
discharge current undesirable signal spikes on the internal nodes within the driver circuit are 
prevented. By virtue thereof, uncontrollable substrate currents occurring in the driver 
electronics are avoided. Furthermore, undesired modulation of the light output of the light 

25 emitting device is suppressed. This is due to the fact that voltage ripple on the drivers is 
prevented by this discharge with a limited current. 

According to the present invention, the current limiting device comprises a 
first current path. The first current path includes a first discharging circuit having a positive 
resistance value and being connected to the first switch, the positive resistance value being 

30 selected to limit the current during discharging of the associated capacitance. In this case, a 
long RC time is achieved. The RC time is the discharge time or, in other words, the time 
elapses from the moment discharging is initiated until the column voltage of the light 
emitting device has reached a reference level, which can be a ground level. By changing the 
positive resistance value, the level of the discharge current and the RC time can be modified. 
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In a preferred embodiment of the invention, the first discharge circuit includes 
a first discharge switch having an internal resistance. Thus, the series resistance of said first 
discharge switch itself, i.e. the internal resistance, can be adapted to the components of the 
LED in order to obtain the requested operation of the discharging circuit; for example, the 
5 discharge time can be efficiently controlled. 

Preferably, said first discharge switch of the first discharge circuit is a field 
effect transistor. 

Alternatively, the first discharge circuit includes a resistor. 
According to a preferred embodiment of the present invention, the current 
10 limiting circuit comprises a second current path including a second discharge circuit. The 
second discharge circuit is connected to the first switch and to the light emitting device and 
includes: a second resistor connected to the first switch and to the light emitting device, and a 
second discharge switch coupled to the second resistor and to the reference voltage. 

Advantageously, the second discharge switch is arranged to be activated after 
15 the closing of the first switch. Said second discharge switch is activated after the discharge of 
the associated capacitance is initiated. 

Preferably, the second discharge switch is arranged to be activated when the 
discharge current has reached a predetermined value, which value is lower than the value of 
the initial discharge current. 
20 In other words, the predetermined current value is significantly lower than the 

initial discharge current, i.e. the peak current. At this point, the anode voltage of the light 
emitting device has been significantly reduced and, hence, it is possible to rapidly reduce the 
present anode voltage to ground level without causing any undesirable signal spikes or 
uncontrollable substrate current. In addition, the total discharge time of the associated 
25 capacitance of the light emitting device can be reduced. 

Preferably, the two dimensional array of light emitting devices is a two 
dimensional array of small-molecule organic light emitting devices or a two dimensional 
array of polymer light emitting devices. Alternatively, the two-dimensional array can have 
any shape required for a multiplexed segmented display. 



30 



These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 

The invention will now be described in more detail with reference to non- 
restrictive embodiments as illustrated in the drawings, in which: 
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Fig. 1 is a schematic diagram of a driver and a light emitting device; 

Fig. 2 is a graphical representation of current and voltage waveforms at 
various points in the circuit of Fig. 1; 

Fig. 3 is a circuit diagram of a driver embodying the invention in a basic form; 
5 Fig. 4 is a graphical representation of current and voltage waveforms at 

various points in the circuit of Fig. 3; 

Fig. 5 is a schematic diagram of an embodiment of a driver and a light 
emitting device in accordance with the present invention; and 

Fig. 6 is a graphical representation of current and voltage waveforms at 
10 various points in the circuit of Fig. 5; 

In Fig. 1 a schematic diagram of a driver 10 and a light emitting device (LED) 
1 1 having an associated capacitance is shown in order to illustrate the problems that arise 
when a light emitting device (LED) 1 1 having an associated capacitance is rapidly 

1 5 discharged. The LED 1 1 has an associated capacitance 12, which includes internal 

capacitance and any capacitance in the electrical connections between the LED 1 1 and the 
driver 1 0, etc. In the present example, the LED 1 1 is an organic light emitting device with 
internal capacitance due to overlaying layers of material sandwiched between electrical 
conductors. Further, the LED 1 1 is a pixel in a two dimensional array of pixels, and column 

20 and row conductors add some capacitance to the device. The pixel can have a regular, 
repetitive shape or any shape required for multiplexed segmented displays, like a shape 
required for icons. 

The driver 10 is connected to the LED 11, which is represented as a single 
light emitting diode although additional LED's may be incorporated in a single pixel for 

25 redundancy or color. In this embodiment, the driver 10 is a column driver for the two 

dimensional array of pixels and each column, or group of columns, in the two dimensional 
array includes a similar driver. The driver 10 includes a first switch S 2 and a second switch 
Si. The second switch Si is connected between a power source 13 (being a voltage source, 
current source or a current limiting device such as a resistor) and an anode terminal 1 la of 

30 the LED 1 1 , and the first switch S 2 is connected between ground GND (or a reference 

voltage) and the anode terminal 1 la. The switches Si and S 2 each have a control terminal 
connected to receive a column logic or address signal from an input terminal 14 when the 
column containing the LED 1 1 is being addressed. Alternatively, the switches can be 
controlled by different logic or signals (not shown). By virtue thereof both the first switch S 2 
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and the second switch Si can be turned off during part of the switching cycle. During this 
time the capacitance 12 is discharged via LED 1 1 . This discharge generates additional light, 
thereby improving the efficiency. A row driver 16 is connected to the LED 1 1 and includes a 
third switch (not shown) and a fourth switch (not shown), normally working in anti-phase. 

5 Each row, or group of rows, in the two dimensional array includes a similar driver. Further, 
third and fourth switches each have a control connected to receive a row logic or address 
signal from an input terminal (not shown). 

The switches Si and S 2 can be constructed in a conventional way. For 
example, each of the switches may be formed by a single N or P channel type transistor, or a 

1 0 combination of N and P channel type transistors. Since such components and the design of 
such components are known to persons skilled in the art, it will not be explained further 
herein. 

In operation, during the light production of the LED 1 1, the voltage at the 
anode terminal 1 la of the LED 1 1 is V co i um n and a current I co iumn flows through the LED 11, 

1 5 generally illustrated by waveform 22 and 20, respectively, in Fig. 2. At the end of a light 

emission period of the LED 11, i.e. at the end of the column logic signal (generally a positive 
square wave), the second switch Si is turned OFF or opened and the first switch S 2 is turned 
ON or closed, thereby connecting LED 1 1 to ground or a reference voltage. When the high 
anode voltage, i.e. V co iumn, is switched to ground at time T u the associated capacitor rapidly 

20 discharges through the first switch S 2 . However, all the other (non selected) pixels included 
in the same column are discharged. As a result, a large peak current I P eak will flow in the 
circuit, generally illustrated by waveform 20 in Fig. 2, and the anode voltage V co i U mn rapidly 
decreases to ground or a reference level, generally illustrated by waveform 22 in Fig. 2. As 
mentioned above, this peak current will cause, for example, substrate currents in the driver 

25 electronics. 

In Fig. 3, a block diagram which is illustrative of certain principles of the 
invention is shown. In this embodiment, and in other embodiments disclosed herein, 
components which are similar to those used in Fig. 1 bear the same reference numerals and a 
prime is added to indicate the different embodiment. Further, only the operations of the 
30 circuits which are different from the operations of the circuit of Fig. 1 will be described in 
detail. 

A driver 10' is provided which includes a current limiting circuit 31. The 
driver 10' is connected to a power source 13'. The current limiting device 31 is connected to 
a second switch Si', a first switch S 2 \ a light emitting device 1 1 ' and to a reference voltage, 
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which can also be a ground GND. Thus, a discharge of an associated capacitance 12' with a 
limited current is made possible. The design or construction of the second switch Si and the 
first switch S 2 ' is similar to the design of the switches Si and S 2 . As described above, each of 
the switches Si' and S 2 ' has a control terminal connected to receive a column logic or address 

5 signal from an input terminal 14' when the column containing LED 1 1 ' is being addressed. 
Furthermore, the LED 11 ' is connected to a row driver 16'. 

In operation, at the end of a light emission period of the LED 11', indicated by 
time Ti in Fig. 4, the second switch Si' is turned OFF or opened and the first switch S 2 ' is 
turned ON or closed and, thus, the LED 11" is connected to ground GND. The high anode 

10 voltage, i.e. V co i um n, is switched to ground GND, generally illustrated by waveform 42 in Fig. 
4, and the associated capacitor slowly discharges through the first switch S 2 ' and the current 
limiting circuit 3 1 . Thereby, the associated capacitance is discharged with the current I co iumn, 
which is limited to a value h, and the discharge time, indicated by time T 2 -Ti, is prolonged, 
generally illustrated by waveform 40 in Fig. 4. T 2 indicates the point where the associated 

15 capacitance is discharged or the point where the column voltage V co iumn has reached ground 
level. 

Referring now to Figure 5, an embodiment of a driver according to the present 
invention will be shown. The current limiting circuit 31 includes a first discharge circuit 50 
and a second discharge circuit 51 connected in parallel with first discharge circuit 50. The 

20 first discharge circuit 50 comprises a first current path and the second discharge circuit 5 1 

comprises a second current path. Preferably, the first discharge circuit 50 comprises a resistor 
R 2 connected to the first switch S 2 ' and to ground GND. Thus, in this case, the first current 
path is defined by the resistor R 2 . Preferably, the second discharge circuit 51 comprises a 
resistor R 3 and another discharge switch S 3 . One end of the resistor R 3 is connected to the 

25 second switch Si', the first switch S 2 ' and an anode terminal 1 la' and the other end of 
resistor R 3 is connected to the other switch S 3 . Further, the other switch S 3 is coupled to 
ground GND. Thus, in this case, the second current path is defined by the resistor R 3 and the 
other switch S 3 . The other switch S 3 can be constructed in a similar way as the first and 
second switches S 2 and Si. Furthermore, the LED 11' is connected to a row driver 16'. 

30 In operation, at the end of a light emission period of the LED 1 1 ', indicated by 

time Ti in Fig. 6, the second switch Si' is turned OFF or opened and first switch S 2 ' is turned 
ON or closed and, thus, the LED 1 1 ' is connected to ground GND via the first current path. 
The high anode voltage, i.e. V co i U mn, is switched to ground GND via the resistor R 2 and the 
associated capacitor 12' is slowly discharged through the first switch S 2 ' and the resistor R 2 , 
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generally indicated by waveform 62 in Fig. 6. Thus, the associated capacitance 12' is 
discharged with the current I co iumn, which is limited to a value I 2 , generally indicated by 
waveform 60 in Fig. 6. When the discharge current has been reduced to a low value, 
indicated by I 3 in Fig. 6, the other switch S 3 is activated, which is indicated by time T4. At 
5 this point, the anode terminal 1 la' is also connected to ground GND via the second current 
path, i.e. via the resistor R 3 and the other switch S 3 . In other words, at the point T 4 the two 
parallel current paths connect the anode terminal 1 la' to ground GND, which results in a 
rapid reduction of the remaining anode voltage to ground level. Accordingly, the total RC 
time is reduced, generally indicated by waveforms 60 and 62 in Fig. 6. This activating of the 

10 other switch S 3 also results in a second peak current at time T 4 , as can be seen in Fig. 6. 

However, since the anode voltage is significantly reduced compared to the initial voltage at 
the point when the other switch S 3 is activated, the resulting peak current, i.e. the second peak 
current, will be low and, thus, no undesirable signal spikes or uncontrollable substrate current 
will be caused. Finally, at time T 5 , the anode voltage is reduced to ground level and, 

15 accordingly, the associated capacitance 12' is discharged. 

The activation of the other switch S 3 may be accomplished by connecting a 
control terminal (not shown) of the other switch S 3 so as to receive the logic square wave 
supplied to the second switch Si' and the first switch S 2 ' via a delay circuit. As an alternative, 
a voltage sensing circuit (not shown) may be connected to the LED 1 1 ' for sensing the anode 

20 voltage of LED 1 1 ' and for supplying, upon sensing a predetermined anode voltage, an 
activation signal to the control terminal of the other switch S 3 so as to activate the other 
switch S 3 . Alternatively, a current sensing circuit (not shown) may be connected to the LED 
1 1 ' for sensing the discharge current of LED 1 1' and for supplying, upon sensing a 
predetermined discharge current, the activation signal to the control terminal of the other 

25 switch S 3 so as to activate the other switch S3. 

Furthermore, the other switch S 3 may be activated at the end of the selected 
line time, i.e. the time when all pixels are to be switched-off, at the same time that first switch 
S 2 ' is turned ON, in order to obtain a faster discharge time. In this case, the undesirable 
effects originating from a rapid discharge will not cause any harm to the light emissions, such 

30 as unwanted modulation of the light output of other pixels included in the array. 

A consequence of a fixed value of the resistance of the first discharge circuit 
50, i.e. the resistor R 2 , is that the discharge current depends on the actual column voltage 
Vcoiumn- To avoid this, a switch having an internal resistance, for example a FET, can be used 
instead of the resistor R 2 in the first discharge circuit 50. 
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In the above embodiments, the anode side of the pixel diode, i.e. the LED 11, 
is connected to the column driver and the cathode side to the row driver. However, it should 
be noted that they can be interchanged, which can be readily carried out by a person skilled in 
the art on the basis of the description of embodiments given herein. 

5 In summary, a driver for light emitting devices with an associated capacitance, 

comprising: a first switch connected to a first terminal of a light emitting device included in a 
two dimensional array of light emitting devices, the first switch being connected for allowing 
discharging of the associated capacitance of the light emitting device upon closing of said 
first switch, and comprising a current limiting circuit connected to said first switch and to 

10 ground for discharging the associated capacitance with a limited current. Further, the current 
limiting circuit comprises a first discharge circuit and a second discharge circuit. As a result, 
the discharge current is controlled in an efficient manner during discharging of said 
associated capacitance. 

It should be noted that the above-mentioned embodiments illustrate rather than 

1 5 limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. The 
word "comprising" does not exclude the presence of elements or steps other than those listed 
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 

20 plurality of such elements. The invention can be implemented by means of hardware 

comprising several distinct elements, and by means of a suitably programmed computer. In 
the device claim enumerating several means, a number of these means can be embodied by 
one and the same item of hardware. The mere fact that certain measures are recited in 
mutually different dependent claims does not indicate that a combination of these measures 

25 cannot be used to advantage. 
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CLAIMS: 



1 . A driver for light emitting devices with an associated capacitance, comprising 

- a first switch coupled to a first terminal of a light emitting device included in a two 
dimensional array of light emitting devices, the first switch being coupled for allowing 
discharging of the associated capacitance of the light emitting device upon closing of the 

5 first switch; and 

- a current limiting circuit coupled to the first switch and to a reference voltage for 
discharging the associated capacitance with a limited current. 

2. A driver according to claim 1, wherein said current limiting circuit comprises 
10 a first current path, said first current path including a first discharging circuit having a 

positive resistance value and being coupled to said first switch, the positive resistance value 
being selected to limit the current during discharging of said associated capacitance. 

3. A driver according to claim 2, wherein said first discharge circuit includes a 
15 first resistor. 

4. A driver according to claim 2, wherein said first discharge circuit includes a 
first discharge switch having an internal resistance. 

20 5. A driver according to claim 4, wherein said first discharge switch of the first 

discharge circuit is a field effect transistor. 

6. A driver according to claim 2, wherein said current limiting circuit comprises 

a second current path including a second discharge circuit, said second discharge circuit 
25 being coupled to said first switch and to said light emitting device, the second discharge 
circuit including 

- a second resistor; 

- another discharge switch coupled in series with said second resistor; and 
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- the series connection of the second resistor and the other switch being coupled between 
the light emitting device and the reference voltage. 

7. A driver according to claim 6, wherein the other switch is arranged to be 
5 activated after the closing of said first switch. 

8. A driver according to claim 7, wherein the other switch is arranged to be 
activated when the discharge current has reached a predetermined value, which value is lower 
than the value of the initial discharge current. 

10 

9. A driver according to claim 1, wherein said two dimensional array of light 
emitting devices is a two dimensional array of small molecule organic light emitting devices. 

10. A driver according to claim 1 5 wherein said two dimensional array of light 
15 emitting devices is a two dimensional array of polymer light emitting devices. 



11. A display device comprising the driver as claimed in claim 1 and a two- 

dimensional array of light-emitting devices. 



WO 03/098974 



PCT/IB03/01554 




WO 03/098974 



PCT/IB03/01554 




INTERNATIONAL SEARCH REPORT 



PCT/rB 03/01554 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H05B33/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H05B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 1 071 070 A (INFINEON TECHNOLOGIES 
CORP) 24 January 2001 (2001-01-24) 
paragraph '0023! - paragraph '0029! 

SU 1 534 669 A (V0KHMYANIN VLADISLAV G) 
7 January 1990 (1990-01-07) 
the whole document 

W0 94 00742 A (HOLMES MICHAEL JOHN 
;NYCOMED PHARMA AS (NO); SEIM T0RSTEIN 
(NO)) 6 January 1994 (1994-01-06) 
the whole document 

-/— 



1-7 



1-7 



1-11 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

•A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

■X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

■Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



24 June 2003 



Date of mailing of the international search report 



02/07/2003 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2260 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Villafuerte Abrego 



Form PCT/ISA/210 (second shest) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/IB" 03/01554 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


PATENT ABSTRACTS OF JAPAN 

vol. Oil, no. 351 (E-557), 

17 November 1987 (1987-11-17) 

-& JP 62 128612 A (MITSUBISHI ELECTRIC 

CORP), 10 June 1987 (1987-06-10) 

abstract 


1-11 



Form PCT/lSA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

on patent family members 



PCT/IB 03/01554 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 


1071070 


A 


24- 


-01- 


-2001 


US 


6191534 


Bl 


20-02-2001 














EP 


1071070 


A2 


24-01-2001 














JP 


2001085984 


A 


30-03-2001 


SU 


1534669 


A 


07- 


-01- 


-1990 


SU 


1534669 


A2 


07-01-1990 


WO 


9400742 


A 


06- 


01- 


-1994 


AU 


4506393 


A 


24-01-1994 














WO 


9400742 


Al 


06-01-1994 


JP 


62128612 


A 


10- 


-06- 


-1987 


NONE 









Form PCT/ISA/210 (patent family annex) (July 1992) 



